Conclusions: Late initiation of dialysis is associated with a reduced risk of mortality, arguing against aggressive early dialysis initiation based primarily on eGFR alone.
D
espite the widespread use of chronic dialysis, there remains a lack of consensus about the optimal time at which renal replacement therapy should be initiated. Recommendations from the National Kidney Foundation-Dialysis Outcomes Quality Initiative (NKF-DOQI) are generally used as a guideline, although they have been predominantly opinion-based (1) . Initial NKF-DOQI guidelines suggested beginning dialysis at a GFR of ϳ10.5 ml/min per 1.73 m 2 , equivalent to a creatinine clearance of 9 to 13 ml/min (2). Updated NKF-DOQI guidelines in 2006 emphasized the need for a riskbenefit analysis when patients reach stage 5 chronic kidney disease or even earlier in certain circumstances (3) . Although these guidelines suggest using clinical judgment, in practice, renal function at the time of dialysis initiation has been increasing over time (4) . Early dialysis was believed to decrease mortality, hospitalization, and costs of treatment (5) . However, early initiation creates lifestyle hardships, can be a limiting factor for employment and travel, and impacts the quality of life of patients and their families (6) . Furthermore, multiple studies from the United States and Europe reported a lower level of renal function at dialysis initiation than recommended by the NKF-DOQI guidelines (7, 8) .
Because randomized prospective controlled trials addressing this important practical point are lacking, the goal of this project was to study the mortality associated with early compared with late dialysis initiation based on retrospective data from the U.S. Renal Data System (USRDS).
Materials and Methods

Study Population
Institutional review board approval was requested, and this study was determined to have an exempt status as a retrospective analysis of existing de-identified data. The data collected by the USRDS between January 1, 1995 and September 30, 2006 in the PATIENTS, MEDEVID, and RXHIST60 files were used. Adult patients (Ն18 years old) on hemodialysis and peritoneal dialysis were included in the study. Patients were excluded from the primary analysis if they had subsequent renal transplantation, recovered renal function, or had values outside of the plausible ranges for height (120 to 200 cm), weight (23 to 180 kg), or body mass index (10 to 60 kg/m 2 ). Independent variable values that were unlikely to be valid (e.g., age Ͼ100 years old) were eliminated, and records missing at least one value for any of the continuous covariates were excluded from analyses. In later additional analyses, we included patients who had received a renal transplant or the small subgroup of subjects who recovered renal function based on RXHIST60 file data.
Primary Variable of Interest and Outcome
The primary variable of interest was the level of renal function assessed by estimated GFR (eGFR, based on the Modification of Diet in Renal Disease formula) at the time of dialysis initiation, which is reported directly in the USRDS dataset. The following categories of eGFR at the time of dialysis initiation were chosen: Ͼ15, Ͼ10 to 15, Ͼ5 to 10, and Յ5 ml/min per 1.73 m 2 . We classified "early" and "late" dialysis initiation based solely on the level of renal function, where initiation at higher eGFR was considered "early start" and at lower eGFR was considered "late start." The outcome variable was patient survival from the time of dialysis initiation (variable FIRST_SE) to patient's death (variable DIED) or censor at September 30, 2006, which was the end of the available dataset. The causes of death recorded in the USRDS database were grouped into cardiovascular, infection, malignancy, and other causes.
Multivariate Models and Covariates
The Cox models were adjusted for covariates believed to be potential confounders that could be related to both the outcome and the primary variable of interest. All multivariate models were adjusted for the following variables at ESRD onset: age, height, weight, race, gender, diabetic status, comorbidity index (described below), duration of predialysis nephrology care, type of dialysis, type of vascular access, and cause of ESRD. The comorbidity index for each subject was calculated based on the Charlson index (9), with a method using only the terms available in the dataset (10) : age, history of myocardial infarction, congestive heart failure, ischemic heart disease, peripheral vascular disease, cerebrovascular disease, chronic obstructive pulmonary disease, cancer, and diabetes. Both the Charlson index and history of diabetes were included separately in the Cox models because diabetic status is a significant predictor of outcomes, and its effects cannot be completely explained by the Charlson index. The lack of colinearity between diabetic status and the Charlson index was confirmed before analysis.
Testing Proportionality Assumptions and Addressing Lack of Proportionality
In a separate analysis, we addressed the issue of proportionality of the hazard functions. The straightforward Cox model is based on the assumption that hazard functions for the groups compared, and covariates in the analysis are proportional across the time period studied. A major concern is that this assumption may not be valid. If either shows evidence of nonproportionality, more sophisticated analysis may be appropriate (incorporating time-varying interaction terms for covariates and/or describing the hazard function in piecewise manner, with separate analyses for early and late follow-up). We adopted both these approaches. First, we searched for variables that had significant time-varying terms, suggesting nonproportionality. This assessment was not computationally feasible for the entire massive dataset but was applied to two randomly sampled subsets of 50,000 observations. Nonproportionality was found in several variables including the primary variables of interest, which is not surprising given the high statistical power of these large datasets. To address nonproportionality for these variables, we included time-interaction terms in the models. To address nonproportionality attributed to the primary variable of interest, we analyzed short-and long-term outcomes separately. For example, using 18 months of follow-up as a cut-point between short and long term, we calculated the hazard ratio (HR) for the first 18 months and the HR for the follow-up period after 18 months. If a patient had an event in the first 18 months, they were excluded from the long-term (late) period. The procedure was repeated using 36-and 60-month cut-points to confirm that the results were not sensitive to the selection of any specific definition of long-and short-term follow-up.
Statistical Analyses
Logistic regression was used to evaluate factors associated with early and late dialysis start, and Kaplan-Meier graphs and Cox regression models were used in survival analysis. Data were analyzed using SAS version 9.2 (SAS Institute, Cary, NC). The population was stratified into subgroups by age, diabetic status, race, dialysis type, and level of comorbidity.
Results
We identified 1,070,228 subjects in the USRDS database with records in the Medical Evidence file from January 1, 1995 to September 30, 2006. After transplant recipients and other defined exclusions were applied, the number of subjects remaining was 896,546.
Baseline Characteristics of the Study Population
The baseline characteristics of the entire study population are presented in Table 1 . This consisted of 896,546 patients with a mean age of 64.7 Ϯ 14.5 years and included 46.9% females, 29.8% African Americans, and 64.2% whites. In addition, 46.7% of the recipients had ESRD caused by diabetes, and 28.4% had ESRD caused by hypertension. The Charlson comorbidity index was on average 7.0 Ϯ 2.3. The group of patients with early start (eGFR Ͼ 15 ml/min per 1.73 m 2 ) was different from the group with late start (eGFR Յ 5 ml/min per 1.73 m 2 ), in that those who started dialysis at higher eGFR (early start group) were of older age and higher comorbidity index and had a greater proportion of white patients, men, and patients with diabetes ( Table 1) .
Predictors of Late and Early Dialysis Start
Using logistic regression, we identified factors independently associated with late (eGFR Յ 5 ml/min per 1.73 m 2 ) and early (eGFR Ͼ 15 ml/min per 1.73 m 2 ) dialysis start (Table 2) . Nonwhite race, female gender, lower comorbidity index, absence of diabetes, arteriovenous fistula or graft (compared with dialysis catheter), and hemodialysis had significant associations (P Ͻ 0.001) with a later dialysis start. White race, male gender, greater comorbidity index, presence of diabetes, and peritoneal dialysis were significantly (P Ͻ 0.001) associated with an early start.
Survival Analyses
An unadjusted Kaplan-Meier analysis was suggestive of incrementally increased survival of patients initiating dialysis later ( Figure 1 ). In the Cox model adjusted for the potential confounding variables listed above, the time of dialysis initiation remained significantly associated with mortality risk (Table 3) . Because of missing values for some of the continuous independent variables, the number of subjects for this analysis was reduced to 895,293. To address potential residual confounding by age, race, diabetic status, dialysis modality, and comorbidity level, we performed analyses in subgroups stratified by these factors. In all subgroups, whether grouped by age (Ͻ75 or Ն75 years of age); dialysis modality; or comorbidity levels (Charlson index Ͻ6, 6 to 8, and Ͼ8 based on 25th and 75th percentiles), there was still a consistent and statistically significant trend toward greater mortality with an earlier start that was similar to the primary analysis ( Table 3 ). The subgroups stratified by the presence or absence of diabetes and by racial categories also showed the same relationship. For example, patients with diabetes had an HR of 1.43 (95% CI, 1.41 to 1.45) and 0.89 (95% CI, 0.88 to 0.90) in the highest and lowest eGFR categories, respectively, whereas those without diabetes had HRs of 1.45 (95% CI, 1.44 to 1.47) and 0.88 (95% CI, 0.87 to 0.89).
In addition to our primary analysis, we also tested using alternate exclusion criteria. First, an analysis that included patients who recovered renal function based on USRDS RXHIST60 file data (0.9% of the study population) generated essentially the same results. Second, an analysis including patients who received a renal transplant after having been on dialysis for at least 60 days (total n ϭ 979,686) also found similar results. In this second case, a Only primary variables of interest are presented in the table. All models were adjusted for the following covariates: age at ESRD onset, height and weight at the time of ESRD onset, race, sex, diabetic status, Charlson comorbidity index, duration of pre-dialysis nephrology care, type of dialysis, type of vascular access, and cause of ESRD.
b The number of subjects may be less than the entire study population because of missing variables.
alternate exclusion criteria also remained essentially the same as those described above except that peritoneal dialysis patients in the earliest-start group did not have improved mortality compared with the reference group (HR, 0.98; 95% CI, 0.95 to 1.02). Hemoglobin and albumin were not included in the primary model because approximately one third of the subjects were missing values for one or both. We repeated a separate analysis including hemoglobin and albumin as additional covariates using only those records with complete data. Both hemoglobin (HR, 0.995 per g/dl; 95% CI, 0.993 to 0.996; P Ͻ 0.001) and albumin (HR, 0.741 per g/dl; 95% CI, 0.737 to 0.744; P Ͻ 0.001) showed an association with mortality. However, this did not affect the observed association between the timing of dialysis start and mortality.
As the practice of nephrology might have changed over the 12 years of the study period, we divided the study period into six sequential pairs of years. Repeat analyses limited to each of these six cohorts still showed the same associations as in the primary analysis.
To address the issue of nonproportionality mentioned earlier, we analyzed short-term and long-term outcomes separately. There were differences in the magnitude of the association between eGFR and mortality between short-term and longterm follow-up, suggesting nonproportionality. However, overall, the findings were consistent with the conclusions of the primary analysis and not affected by the choice of definition (Table 4) .
Discussion
The optimal timing of initiation of chronic dialysis remains elusive. There is a trend in the nephrology community toward earlier initiation of dialysis (11) . Unfortunately, prospective data that could guide practice are lacking. The first multicenter, randomized controlled trial (Initiating Dialysis Early And Late, or IDEAL) was undertaken in Australia and New Zealand (12), but final results have not yet been reported.
In this project, we used a large dataset to retrospectively assess the association of dialysis timing with mortality. We found a dose-dependent increase in mortality associated with earlier dialysis initiation. After correcting for other factors, compared with those with an eGFR of Ͼ5 to 10 ml/min per 1.73 m 2 at dialysis start, patients who initiated dialysis with a higher eGFR experienced a 44% greater mortality risk, whereas those who initiated dialysis at the lowest eGFR (Յ5 ml/min per 1.73 m 2 ) had a 12% lower risk of death. Similar results were shown in subpopulations grouped by similar age category, comorbidity score, diabetic status, or dialysis modality; in each group, mortality risk associated with earlier dialysis initiation changed in a dose-dependent fashion.
These results are in disagreement with some of the prior retrospective studies suggesting improved patient survival associated with earlier initiation of chronic dialysis (13) (14) (15) . However, lead time bias-where mortality seems improved simply because of an earlier start point used to calculate survival-may have given an advantage in these reports to patients who began treatment earlier (8, 16) . Although our study also was subject to lead time bias, because we actually In this analysis, as a means of assessing nonproportionality, separate Cox models were constructed to evaluate for short-term and long-term outcomes. Numbers are hazard ratios. Three different definitions were used (18, 36 , and 60 months) to assess the effect of the specific definition of short-vs. long-term outcome.
found a disadvantage associated with an earlier start, this type of bias could not explain our results. Our findings are consistent with other studies. Traynor et al. (17) calculated survival after reaching an estimated fixed level of kidney function and found that patients starting dialysis later had improved survival. Beddhu et al. (18) , using propensity scores in a multivariate model in Dialysis Morbidity and Mortality Study Wave 2 patients, also showed an advantage of later start, albeit it was of lesser magnitude (HR, 1.14 for each 5 ml/min per 1.73 m 2 ). Selection bias might be a more serious issue. Specifically, those with an early dialysis start might have different reasons for dialysis initiation, e.g., acute illness or difficulty with volume control, whereas younger, healthier patients might tend to be started on dialysis later. Indeed, baseline characteristics of the study population (Table 1) showed that younger and healthier patients are more represented in the group with later start; however, multivariate analysis should address this to a degree. Wilson et al. (6) reported that a difference in survival between late and early start populations could be explained by taking into account covariates such as age, sex, employment status, vascular disease, and hypertension. On the other hand, Kazmi et al. (19) , in a study of a smaller cohort of USRDS patients, found that a greater eGFR at initiation of dialysis was associated with a greater risk for death, which could not be completely explained by differences in comorbidity level. Similarly, in our study, we found that even when comorbidity and other covariates were taken into account, the association between early start and mortality remained robust.
In the overall context of existing literature, our finding of a lack of benefit of an early start even after adjustment for covariates conflicts with some reports (13) (14) (15) but supports the findings presented by other authors (17, 18, 19) . Our findings are based on the largest and the most recent dataset and show an effect size and significance level greater than generally previously reported. We showed this association in multiple subgroups and showed dose-dependency in the incremental increase in risk of death with greater eGFR at dialysis start.
This retrospective study cannot establish causation, only association, and needs to be interpreted with caution. However, it is interesting to speculate about hazards of dialysis that could explain the advantage of the later start group even after adjustment for their lesser comorbidities and other covariates. These include clinical or subclinical bloodstream and peritoneal infections, heightened inflammation, exposure to antibiotic-resistant organisms or to bacterial fragments, hemodynamic effects including possible accelerated loss of remaining renal function (20) , dialysis access complications, protein or blood loss, exposure to heparin, and the higher doses of erythropoietin required because of its reduced potency when given intravenously (21) . Early start could cause an increased cumulative exposure to these hazards that may in the end be detrimental. There is also the potential negative impact of initiating dialysis on patients' quality of life, employment, and mood. Specifically, depression in dialysis patients can lead to a cascading effect toward a higher risk of mortality with lower medication adherence (22) and dialysis withdrawal (23) . However, these considerations regarding mechanisms are purely speculative and should not be considered a part of the study results.
Aside from lead time bias and selection bias, our study has other limitations. Statistical techniques, including subgroup analysis, reduce but cannot provide a complete guarantee against residual confounding. Second, there is possible confounding by unassessed factors. For example, the reason for dialysis initiation was not available and may well have been different between the groups. Likewise, the rate of disease progression was not evaluated and might confound the results if patients with rapidly progressive disease were both initiated earlier and had poorer survival. Finally, survival bias is a potential issue, because only people who survived to the time of initiation of dialysis were analyzed, eliminating those who could have started dialysis early but instead died before initiation.
Despite these limitations, we believe there are potential practical implications. The main justification for initiating dialysis before a patient has symptoms is the expectation that it will confer a short-or long-term benefit in morbidity or mortality. Our results, although limited by being retrospective, do not suggest such a benefit for mortality and therefore argue against early dialysis start based simply on the degree of kidney function. These results should not be interpreted in a way that would delay dialysis for symptomatic patients or where there is hyperkalemia, poor volume control, or another clinical indication.
Conclusions
In conclusion, in the absence of a randomized trial, this retrospective analysis of the USRDS data suggests that late initiation of dialysis is associated with a reduced risk of mortality; a policy of early dialysis initiation based only on eGFR without clinical indications cannot be recommended.
